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Abstract 
By subsidence analysis on eighteen surface sections and 6 wells, which cover large pati of the Iberian Basin (E Spain) 
and which are marked by high-resolution stratigraphy of the Permian, Triassic, Jurassic and Cretaceous, we quantify the 
complex Permian and Mesozoic tectonic subsidence history of the basin. Backstripping analysis of the available high 
resolution and high surface density of the database allows to quantify spatial and temporal patterns of tectonically driven 
subsidence to a much higher degree than previous studies, The sections and wells have also been forward modelled with a 
new 'automated' modelling technique, with unlimited number of stretching phases, in order to quantify variations in timing 
and magnitude of rifting. It is demonstrated that the tectonic subsidence history in the Iberian Basin is characterized by 
pulsating periods of stretching intermitted by periods of relative tectonic quiescence and thermal subsidence. The number 
of stretching phases appears to be much larger than found by earlier studies, showing a close match with stretching phases 
found in other patis of the Iberian Peninsula and allowing a clear correlation with discrete phases in the opening of the 
Tethys and Atlantic. 
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1. Introduction 
The Iberian Ranges are part of an intracontinental 
fold chain in the northeast of the Iberian microplate, 
which formed from Tertiary inversion of the Iberian 
intracratonic basin. The whole of the chain has the 
shape of an elongated triangle with its base along 
the Mediterranean coast and its apex pointing north­
west (see Fig. 1). The formation and inversion of the 
Iberian Basin is characterized by a complex post-
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Variscan history of lithospheric defonnation, which 
is intimately linked to the opening and closure of 
the Tethys and the Atlantic oceans (e.g. Vegas and 
Banda, 1982; Sopefia et aI., 1988; Ziegler, 1990). The 
Iberian Basin originated in Permian times, when lo­
calized basins developed under influence of intense 
wrenching of the crust due to the dextral shear move­
ment between Africa and Laurasia. Subsequently, lo­
calized Permian basins were joined together in the 
Triassic when a main phase of stretching took place 
with deep basement faults accommodating the exten­
sion (Vegas and Banda, 1982; Sopefia et aI., 1988) . 
Subsidence studies quantifYing the tectonic compo-
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Fig. 1 .  Tectonic sketch map of the Iberian Peninsula (from Van Wees and Cloetingh, 1 994). Box A depicts area given in Fig. 2, box B 
depicts area studied by Peper and Cloetingh ( 1992). 
nent of the vertical movements indicate that this is a 
main phase of increased subsidence rates marked by 
lithospheric stretching factors of 1.1-1.3 (Salas and 
Casas, 1993; Van Wees and Stephenson, 1995; Arche 
and L6pez-G6mez, 1996). In Early Jurassic and Mid­
dle Jurassic times subsidence rates relatively decrease 
and clear indications for faulting are absent, suggest­
ing tectonic quiescence. Late J urassic and (Early) 
Cretaceous times are clearly marked by tectonic ac­
tivity resulting in (sub) basin formation marked by 
stretching factors with a magnitude locally up to the 
Triassic stretching (Sal as and Casas, 1993; Van Wees 
and Stephenson, 1995). Convergent movements of 
Eurasia with respect to Africa (Roest and Srivastava, 
1991), from the Late Cretaceous onward, resulted in 
folding and shortening of the Iberian Basin. Alpine 
deformation in this area has been mild compared to 
the pervasive thrusting and foreland basin formation 
associated with the Pyrenees and the Betic Cordilleras 
(e.g. Van Wees et aI., 1992; Muiioz, 1992). 
As indicated above, earlier quantifications on the 
Iberian Basin subsidence have shed much light on its 
tectonic evolution (Salas and Casas, 1993; Van Wees 
and Stephenson, 1995; Arche and L6pez-G6mez, 
1996). However detailed quantitative insights in the 
Iberian Basin evolution are strongly limited because 
(I) these studies are based on small data sets (4, resp. 
10 and 6 wells), (2) the datasets used are mostly 
marked by course stratigraphic age resolution, ham­
pering identification of the multistage stretching his­
tory from the subsidence data, (3) forward mod­
elling techniques are limited to a restricted number 
of stretching phases, at most three in Van Wees and 
Stephenson (1995). Clearly such analyses are not ca­
pable of revealing in great detail complex spatial and 
temporal variations in subsidence patterns which can 
be expected at the crossroads of the Tethys and At­
lantic, and consequently hamper clear correlations 
with studies at the margins of Iberia and other regions 
in Europe. 
For these reasons we quantify the complex Per­
mian and Mesozoic tectonic subsidence history of 
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Fig. 2. Structural map of the Iberian Range and adjacent areas, corresponding to the converted Iberian Basin (modified from Van Wees 
and Cloetingh, 1994). Palaeogeographic domains of the Iberian Basin are the Cameros Basin (CB), Central Area (CA), and Maestrat 
Basin (MB). Locations of analysed stratigraphic sections and wells are indicated by a combination of roman and arabic numbers. 1-1, 
ll-i, 11-2, 1J1-4, IV-4 and Vl-4 are wells, the rest are stratigraphic surface sections. In the remainder of the text we refer to all as wells. C 
= Cuenca; M = Madrid; V = Valencia; Z = Zaragoza. Box A corresponds with boundaries of maps in Figs. 3, 6, 12 and 1 3 .  
the Iberian Basin, using a large and detailed strati­
graphic database, consisting of eighteen surface sec­
tions and six wells, which covers the Central Area 
and the Maestrat Basin in the Iberian Basin (Figs. 2 
and 3). For clarity, in the remainder of the text 
we refer to these as wells. The database builds 
on extensive work on high-resolution stratigraphy 
of the Permian and Triassic by co-authors Arche 
and L6pez-G6mez (Arche and L6pez-G6mez, 1989, 
1996; L6pez-G6mez and Arche, 1992a,b, 1993, 1997) 
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Fig. 3. Map view of the total sediment thickness (m) from Pennian to Present, based on analysed surface sections and wells. Solid lines 
indicate approximate outline of inverted Iberian Basin (Fig. 2) and coastline. 
and on detailed documentation of Jurassic and Creta­
ceous sediments (e.g. Goy and Suarez Vega, 1983; 
Rinc6n et aI., 1983; Vilas et aI., 1983). The western 
part of the studied area includes the area studied by 
Van Wees and Stephenson (1995), whereas the north­
eastern part includes the Maestrat Basin studied by 
Salas and Casas (1993). Furthermore, the surface den­
sity and depth range of the 24 wells (Fig. 3) allows 
to analyse spatial patterns of subsidence, lacking in 
previous studies. 
The backstripped curves have been forward mod­
elled with a new 'automated' modelling technique, 
with unlimited number of stretching phases, in or­
der to quantify variations in timing and magnitude 
of rifling. We will show that the tectonic subsi­
dence history in the Iberian Basin is one of pulsating 
periods of stretching intermitted by periods of rel­
ative tectonic quiescence and thermal subsidence. 
The number of stretching phases appears to be much 
larger than found by the aforementioned earlier stud­
ies, showing a close match with stretching phases 
found in other parts of the Iberian Peninsula and 
allowing a clear correlation with discrete phases in 
the opening of the Tethys and Atlantic. 
2. Permian and Mesozoic stratigraphic evolution 
Most Permian and Mesozoic stratigraphic hori­
zons can be easily correlated throughout the basin 
and are marked by high-resolution relative age data. 
The chronostratigraphic diagram in Fig. 4 shows 
these stratigraphic correlations for one third of the 
wells through the centre of the basin. Table 1 gives 
references and generally used formation names. The 
absolute stratigraphic ages were derived by apply­
ing the Harland et al. (1990) time scale to the local 
strati graphic scheme. 
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Fig. 4. Stratigraphic column of the SE Iberian Ranges (compiled from analysed surface sections and well data from L6pez-Gomez and 
Arche, 1992a,b, 1993). 
Table 1 
Ages of formations 
Code Stage Age (1) Formation 
(Ma) 
K14 [Maastrichtian ] 74-<;5 Calizas de la Sierra de la Pica (5) 
K13 [ Campanian- Coniacian] 88.5-74 Calizas Dolomiticas del Pantano de la Tranquera (2) 
K12 [Turonian] 90.5-88.5 Dolomias de la Ciudad Encantada + Calizas y 
Margas de Casa Medina (2) 
Kll [Cenomanian] 97-90.5 Calizas y Margas de Mosqueruela (5) 
Kl0 [Albian] 112-97 Arenas de Utrillas (5) 
K9 [Aptian) 113-112 Calizas de Benasal (5) 
K8 (Aptian) 115-113 Calizas de Benasal (5) 
K7 (Aptian) 120-115 Calizas de Villarroya de Pinares (5) 
K6 (Aptian) 124.5-120 Margas de Forcall (5) 
K5 [Barremian ] 132-124.5 Calizas y Margas de Ares de Maestre (5) 
K4 [Hauterivian] 135-132 Margas de Mirambell (5) 
K3 [Valangian] 138-135 Calizas y Margas de Vallivana (5) 
K2 (Valangian) 140.5-135 Calizas y Margas de Vallivana (5) 
Kl [Beniasian] 145-140.5 Calizas de Vallivana (5) 
J9 (Tithonian, Kinnneridgian) 153-150 Calizas con Oncolitos de Higueruelas (3) 
J8 (Kimmeridgian) 154-153 Ritmita Calcarea de Loriguilla (3) 
17 (Kirruneridgian, Oxfordian) 155-154 Margas de Sot de Chera (3) 
J6 (Oxfordian-Toarcian) 180-155 Lower and medium part of Carbonatada de Chelva (3) 
J5 (Toarcian) 187-180 Margas y Calizas de Tunniel (3) 
J4 [Pliensbachian] 190-187 Calizas de BarahonajMargas del Cerro del Pez (3) 
13 (Pliensbachian, Sinemurian, Hettangian) 205-190 Calizas y Dolomias de Cuevas Labradas (3) 
J2 (Hettangian) 208-205 Camiolas de Cortes de Tajuiia (3) 
11 [Rhaetian] 209.5-208 Dolomias Tableadas de Im6n (3) 
T11-T13 [Norian, Camian] 235-209.5 'Facies Keuper': anhydrites and mudstones (4) 
TlO [Ladinian] 238-235 Dolomias y Calizas de Cafiete (4) 
T9 (Ladinian, Anisian) 240-238 Arcillas, Margas y Yesos del Mas (4) 
T8 (Anisian) 240.5-240 Dolomias de Landete (4) 
T7 (Anisian) 240.7-240.5 Arcillas, Limos y Margas de Marines (4) 
T6 (Anisian] 241-240.7 L utitas y Areniscas de Eslida (4) 
Tl [ScytJrian] 245-241 Areniscas del Caii zar (4) 
P6 Latest Pennian 250-245 Conglomerados de Hoz de Gallo (6) 
P5 Saxonian 255-254 Limos y Areniscas de Alcotas (4) 
P4 Saxonian 256-255 Conglomerados de Boniches (4) 
P3 Autunian 280-270 Brechas de Tabarrefu (4) 
Pl-P2 Autunian 290-280 Capas de la Ennita (6) 
References: (1) Harland et al., 1990; (2) Rinc6n et al., 1983; (3) Goy and Suarez Vega, 1983; (4) L6pez-G6mez and Arche, 1993; (5) 
Canerot et al., 1982; (6) Ramos, 1979. 
2.1. Permian and Triassic (excluding Rhaetian) 
The sediments of Permian and Triassic age rep­
resent the beginning of the Alpine cycle of sed­
imentation in the Iberian Basin; they have been 
dated by means of different fossil groups and can 
be correlated throughout the basin as shown in the 
chronostratigraphic diagram in Fig. 4 for one third of 
the 24 wells studied in this paper. 
The Permian and Triassic stratigraphy has been 
extensively described, among others, by Sopefia et 
a!. (1988) and L6pez-G6mez and Arche (e.g. Arche 
and L6pez-G6mez, 1989, 1996; L6pez-G6mez and 
Arche, 1 992a,b, 1993) and we adopt the interpreta­
tions and correlations of the latter authors (Fig. 4, 
Table I). 
The Pennian sediments are subdivided into three 
unconforrnity-bounded sequences (PI-P6), not al-
ways easy to correlate along the Iberian Basin. The 
lowermost one (Pl-P3) or 'Autunian Facies', con­
sists of alluvial fan, lacustrine, volcanic and vol­
canoclastic and slope scree materials deposited in 
small, kilornetric, isolated basins in the northwestern 
and central parts of the basin; the middle sequence 
(P4-P5) or 'Saxonian Facies' consists of conglomer­
ates of alluvial fan and braided river origin, present 
only in the central part of the basin and red mud­
stones and sandstones deposited over a much broader 
area, deposited in distal braided rivers and shallow 
lakes; the uppermost sequence (P6), which forms 
the base of the 'Buntsandstein Facies', consists of 
conglomerates of alluvial fan origin succeeded by 
sediments of Triassic age. 
The Perrnian-Triassic boundary is not marked 
by unconfonnities and lies somewhere inside the 
basal sandstone formation (Il); the Triassic sedi­
rnents broadly correspond to the 'Germanic Trias­
sic rnegasequence' found in northwest Europe, with 
the typical Buntsandstein, Muschelkalk and Keuper 
Facies. In the Triassic four sequences have been 
identified in the Iberian Basin, bounded by hiatuses. 
The lowest sequence consists of two intervals, 
sandstones (Il) and sandstones and mudstones (T6), 
interpreted as sandy braided river deposits and distal 
braided meandering and ephemeral river deposits; 
overlying 'Rot' and 'lower Muschelkalk Facies' con­
sist of two formations: mudstones and marls (T7) 
and dolomites (T8) interpreted as intertidal and shal­
low shelf deposits. They are succeeded by the 'upper 
Muschelkalk Facies' with clays and gypsum (T9) 
and dolomites (IlO) also of intertidal and shallow 
shelf origin. The uppennost sequence or 'Keuper 
Facies' consists of clays and evaporites (Il l ), sand­
stones (Il2) and evaporites (Il3) all of them of 
shallow marine and coastal origin. 
2.2. Jurassic (including Rhaetian) 
For the Jurassic sedirnents of the Iberian Basin we 
adopted the stratigraphic subdivision synthesized by 
Goy and Suarez Vega (1983) from different authors 
(Goy et aI., 1976; G6mez, 1979; G6mez and Goy, 
1979, among others). Most of the formations in 
this subdivision are characterized by very unifonn 
lithological development. 
The upper boundary of the Triassic supersequence 
is an unconfonnity, very well observed in the north 
Iberian Basin (San Rom an and Aurell, 1992). This 
surface is planar to uneven, located between two 
shallow marine to intertidal dolomitic units (Jl and 
J2, Table 1). This important period of erosion before 
the deposition of the J2 Liassic carbonate unit over­
lies a partly dismantled Triassic sequence (Keuper 
and Muschelkalk) and occasionally reaching down 
the top of the Buntsandstein in the eastern Iberian 
Ranges (Roca and Guimera, 1992). The Triassic­
Jurassic boundary is traditionally placed in this un­
conformity (Goy et aI., 1976; G6mez, 1979). There­
fore the J l  is actually Triassic in age (Rhaethian), 
although it should be noted that the age of its upper 
part is still a matter of discussion. The inclusion 
in the Jurassic sequence follows traditional strati­
graphic subdivisions, based on a sharp lithological 
transition from Keuper clays and evaporites to J l  and 
Jurassic carbonates (Table 1). 
The lowermost part of the subdivision adopted 
here for the Jurassic units includes three well devel­
oped formations of carbonates, Jl to J3. J l  consists 
of well stratified (oolitic) dolomites followed by 
poorly stratified limestones and brecciated dolomites 
in J2, while J3 consists of thickly banked limestones 
and dolomites. These are interpreted as shallow shelf 
(close platform) deposits that evolved until the early 
Pliensbachian. 
On the top of J3 a new sequence (pliensbachian­
early Oxfordian) constituted by three units (J4 to 
J6) appears. The lower unit (J4) is uniformly de­
veloped and consists of marls with overlying undu­
latingly stratified bioclastic limestones that evolves 
to a less uniform unit of rhythmic pelagic marls 
and limestones, containing volcanics (J5) and inter­
preted as open platform to open ammonitic marine 
deposits (Goy and Martinez, 1990). The overlying 
J6 unit consists of carbonates of laterally varying 
facies consisting of open marine sediments includ­
ing the Toarcian-Oxfordian. In the central part of 
the Iberian Basin in the upper part of shall owing 
sequences deposited during the Aalenian-early Ba­
jocian J6 shows evidence of uplift and karstification 
(Fernimdez-L6pez and G6mez, 1990). Subsequently, 
during the Bathonian-Callovian, in the northwest of 
the Iberian Range, tectonic destabilisation caused a 
structural palaeogeographical framework with very 
variable subsidences manifested in two big se-
quences in J6 limited by widespread unconformity 
horizons (Wilde, 1990) and sometimes with signif­
icant ammonite faunas (Thierry and Wilde, 1990). 
The top of J6 is marked by the uniform deposition of 
a condensed section of ferruginous oolite limestones, 
marking a pronounced regression culminating in a 
regional hiatus in the late Callovian-early Oxfordian 
(Alvaro et aI, 1979). 
The overlying formation (n) consists of open ma­
rine ammonite-bearing rnarls and rnarly limestones 
(except for the north, where it consists of detritic 
deposits) indicating a widespread transgression dur­
ing the middle-late Oxfordian. Subsequently, dur­
ing the early Kirnrneridgian when accommodation 
space increased considerably with significant relative 
sea-level rise, successive low-angle slope carbonate 
ramps were developed, where sedirnents were de­
posited mainly to the east. The transition between 
these ramps was punctuated by lower-order relative 
sea-level changes generating unconforrnities clearly 
detected in the proximal areas of the ramps (Aurell 
and Melendez, 1993). Later in the Kimmeridgian 
a distally steepened ramp was formed, including 
thin-bedded lime-mudstones, sponge buildup and 
anoxic basinal marls (Salas and Casas, 1993) result­
ing in a sudden drowning of the Oxfordian homo­
clinal ram p. This transgression was rapidly followed 
by a general regression manifested in rnarly lime­
stones intercalated with calcareous limestone sed­
iments (J8) and indicating decreasing waterdepths 
compared to J7. The topmost formation (J9) consists 
of stratified massive limestones, which can contain 
oolites and detritic elements. These sediments are 
interpreted to be submarine and closed platform 
deposits. The n-J9 is the typical transgressive­
regressive sequence of a carbonate platfonn of which 
the vertical fonnation transitions also occur laterally 
at the platform margins (Martinez del Olmo, 1996). 
2.3. Cretaceous 
Early Cretaceous times are characterised by rel­
atively strong lateral and temporal variations in 
sedimentation marked by the evolution of palaeo­
highs and sub-basins and many hiatuses, respec­
tively. Although sediments show very important lat­
eral changes all along the Iberian Basin, in general, 
sequences can be identified in filling sub-basins and 
onlapping the structural highs, intermittent with the 
appearance of lacunae and stratigraphic discontinu­
ities in the Cretaceous but also affecting up to the 
Jurassic basement (Vilas et a!., 1983). 
A first episode of differentiated subsidence took 
place during the Kimmeridgian-middle Berriasian 
(Aurell and Melendez, 1993) or maybe Valanginian 
(Vilas et a!., 1983). As a result, a shallow plat­
form (Kl) was developed including extensive tidal 
fiats fringed by marginal shoal banks (Viallard, 
1973; Canerot, 1974; Salas, 1987; Aurell, 1991) 
that evolved subsequently to infra-supralittoral car­
bonate platform (K2-K3). During the Valanginian, 
an important regional migration of fresh-water lenses 
took place in a basinward direction (Salas and Casas, 
1993) that resulted in significant diagenetic events of 
the exposed carbonate sequences. 
Most of the Hauterivian sediments (K4), if pre­
served, were of continental origin (except in the 
Maestrat area). Although differentiated subsidence 
continued during the beginning of the Hauterivian, it 
decreased in respect to previous stages and extensive 
areas of the borders of the sub-basins were exposed 
and eroded (Fig. 4). The end of the Hauterivian 
corresponds with an unconfonnity where pre-exist­
ing rocks (Triassic and Jurassic) were affected by 
karstification, erosion and soil development (Vilas 
et a!., 1983). The late Hauterivian-Barremian se­
quence (K5) was represented by shallow carbonate 
platforms with fresh-water discharge in the Maestrat 
area (up to 1000 m) (Salas and Casas, 1993), but also 
terrigenous siliciclastic deposits (Weald facies) with 
some marine incursion, appeared in other sub-basins 
(Canerot, 1974; Melendez, 1983; Salas, 1987; Salas 
and Martin-Closas, 1995). This sedimentation also 
resulted in hiatuses and unconfonnities, as Melendez 
(1982) described for the Barremian of the central 
Iberian Basin. 
Due to an important late Barremian regression, 
the Aptian sequence (K6-K9) started with an un­
confonnity in the Maestrat area overlain by fluvial 
and deltaic environments. However, in the central 
part of the Iberian Basin, the sedim entary succession 
from the unconformity until the late Albian seems to 
be almost continuous (Melendez, 1983), consisting 
of two sequences of transitional environments and 
some marine wedges, coming from the east, at their 
top. 
Albian sedimentation is mainly marked by fluvial 
sedimentation (KlO), except for the eastern parts. In 
most of the Iberian Basin, the early and most of 
the middle Albian was emergent An important and 
local extensional tilting appeared during the middle 
Albian and structural highs separating subsiding sub­
basins marked by generally eastward tilting fonned, 
resulting in lateral transition from fluviatile sedimen­
tation to deeper-water sedirnents in the sub-basins 
(Vilas et aI., 1983). From late Albian times the sed­
imentation rates decreased considerably. During the 
late Albian, the area was again emerged and mainly 
fluvial deposits (Fig. 4) were deposited (Ruiz, 1993). 
The late Albian-early Cenomanian deposition 
(KlO-K l l )  in the Iberian Basin is composed of a 
corn plex alternation of continental (northwestward), 
coastal and marine (southeastward) facies that are 
arranged mainly in transgressive and deepening­
upward sequences bounded by subaerial exposure 
surfaces or ferruginous crust (Garcia et aI., 1996). 
The late Cenornanian started with a transgressive 
period that caused a complete homogenization (K 12) 
with the installation of a Turonian carbonate plat­
form tilted northward where open marine carbonates 
were deposited. After a regressive tendency, that cul­
minated in local interruption in sedimentation, the 
Coniacian and most of the Santonian started with an 
extensive internal carbonated platform reaching the 
maximum development in the late Santonian (K 13) 
(A16nso et aI., 1987; Floquet, 1991). A second stage 
of regressive tendency was developed during the 
late Carnpanian. As a result Maastrichtian sediments 
(K 14) represent extensive plains near the coastal 
line, evolved with permanent marshes and lakes that 
contained carbonate sediments (Fig. 4). 
3. Subsidence analysis 
In order to quantify the tectonic component of 
subsidence of the basin the backstripping technique 
was used (Steckler and Watts, 1978; Bond and Kom­
inz, 1984). For this purpose, air-loaded tectonic sub­
sidence has been calculated from the stratigraphic 
records adopting local isostasy to correct for the ef­
fect of sediment loading. Corrections for compaction 
were made by using porosity-depth relationships on 
the basis of the observed lithologies using standard 
mean exponential relations and material parameters 
(cf Sclater and Christie, 1980). 
The effects of palaeobathymetry have been taken 
into account, using sedimentary facies and faunal 
content. It is inferred that depths never reached 
greater values than 150 m (Jurassic and Early Cre­
taceous), with waterdepths of 0-30 m prevailing. 
Errors in waterdepths are likely to be less than 50 
m. During Early Cretaceous tirn es, large areas be­
came temporarily emerged (i.e. Rinc6n et aI., 1983), 
leading to an erosional hiatus over much of the area. 
The associated tectonic subsidence and subsequent 
uplift have not been quantified. In the Tertiary con­
tinental sedimentary conditions prevailed. Unknown 
topographic elevations at the time of deposition, at 
present ranging between 0 and 2000 m, are not taken 
into account. This would most likely alter the Ter­
tiary part of the backstripping calculations. Eustatic 
sea-level fluctuations (Haq et aI., 1987), estimated 
up to 100 m, and effects of intraplate stress (Cloet­
ingh et aI., 1985) have not been incorporated in the 
analysis. 
Tectonic subsidence curves resulting from the 
backstripping calculations are shown in Fig. 5. For 
clarity of display, errors related to possible extreme 
variations in adopting porosity-depth relationships 
(Bond and Kominz, 1984) and estimated palaeowa­
terdepths are not shown. Variations in these could 
accumulate in deviations in tectonic subsidence not 
larger than 150 m. For the Tertiary large errors may 
be involved in estimating tectonic subsidence, be­
cause of the absence of palaeotopographic data, as 
mentioned before. 
Fig. 5 gives an overview of the tectonic subsi­
dence curves for all the analysed wells. The curves 
are roughly grouped in five NE-SW 'sections', the 
first being the most northwestern and the last being 
the most southeastern (Fig. 2). The tectonic subsi­
dence curves show episodes of increased subsidence 
rates intennitted with phases of slower subsidence, 
uplift and hiatuses (horizontal lines). Changes in 
subsidence rate can, in most cases, be correlated 
over the entire study area. 
Fig. 6 gives the tectonic subsidence for time 
intervals which generally contain one episode of 
rapid subsidence and subsequent slower subsidence 
in map views to illustrate spatial relationships. For 
each episode of rapid subsidence we discuss the 
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Fig. 5. Backstripped air-loaded tectonic subsidence (m) for 24 stratigraphic sections in the Iberian Ranges. Locations are indicated in 
Figs. 2 and 3) A subdivision has been made into five groups to represent the data. The groups are roughly NE-SW sections over the axis 
of the basin. With darker shaded areas we indicate regional (apparent in most groups) episodes of relatively rapid subsidence with clear 
beginning and ending times, and lighter shades correspond with periods of relatively rapid subsidence with less well defined beginning 
and ending times. Locations of sections are given in Fig. 2. 
spatial and tern poral relationships of the 24 wells in 
terms of tectonics and documented fault activity (e.g. 
Fig. 7) and we relate these with the regional tectonic 
history of Iberia, and episodes in the opening of the 
Tethys and Atlantic oceans (Fig. 8) 
3.1. Permian 
Rotliegendes 290-256 Ma (P 1-P3). Only wells 
1-3, 11-4, III-2, IV-l show subsidence, with well 1-3 
having the largest tectonic subsidence value, namely 
100 m, while the other three wells have values of 
about 20 m. Well 1-3 is tectonically active from 
290 to 280 Ma, IV-l from 285 to 280 Ma and 11-4 
and I1I-2 from 280 to 270 Ma. Spatially the wells 
which show subsidence align along a NW -SE trend. 
The maximum depocentres (I-3, IV-I) may form two 
small local basins on the map. This phase of Early 
Pennian rapid tectonic subsidence most likely cor­
responds with the fonnation of small intennontane 
basins which were controlled by intense shearing 
of the crust by the right lateral motion of Africa 
compared to Laurasia (and Iberia) and superimposed 
vertical movements, i.e. isostatic adjustment of the 
crust (Vegas and Banda, 1982; Sopeiia et a!., 1988; 
Ziegler, 1990). Rapid tectonic subsidence is followed 
by a period of tectonic quiescence. 
Zechstein 256-245 Ma (P4-P6) . All wells show 
a phase of rapid tectonic subsidence from 256-254 
Ma, except wells 1-1, 1-2, 1-4, 11-1, 11-2, 11-4 in the 
west, and I1I-5 and IV-4 in the northeast Tectonic 
subsidence values range from 50 rn in most wells to 
170 m in well III-4. The depocentres in 1-3 and IV-l 
indicate a reactivation of the two depocentres iden­
tified for the Rotliegendes. The southern depocentre 
shows a distinct deepening and widening compared 
to the Rotliegendes. Although the number of wells 
recording subsidence is limited, it appears that a 
NE-SW-trending basin (IV-I, IV-2, I1I-4) is formed 
with possibly a branch to the northwest Rapid subsi­
dence rates correspond with onset of Penno-Triassic 
rifling which is evident from the development of 
NW -SE-trending horst and graben structures, con­
trolled by steeply dipping basement faults (Sopeiia et 
a!., 1988; Fig. 7). These faults originated in the late 
Variscan and reactivation is related to the extensional 
episodes that caused the opening and westward ex­
tension of the Tethys Ocean (Salas and Casas, 1993). 
Slower subsidence values prevail during 254-245 
Ma, indicating a postrifl phase. 
3.2. Triassic (excluding Rhaetian) 
Scythian-Norian 245-209.5 Ma (Tl-Tl3). All 
wells record the Scythian-Ladinian phase of rapid 
subsidence which is highly pronounced, with subsi­
dence values ranging from 70 m in well 1-4 to 380 
m in well VJ-2. This indicates that rifling is now 
widespread, and most wells show tectonic subsidence 
values in the order of 100-200 m with highest val­
ues in the east. Beginning times vary from 241 Ma in 
most wells to 245 Ma in wells I1I-2, III-3, I1I-3 and 
IV-I. All wells indicate that rapid subsidence is most 
pronounced in the upper part of the 'Bundsandstein 
Facies' and 'Rot and lower Muschelkalk facies' se­
quences (241-240 Ma, T6-T8). The 'upper Muschel­
kalk Facies' sequence (240-235 Ma, T9-IlO) indi­
cates the onset of decelerated subsidence, although 
subsidence rates are still very high. The 'Keuper fa­
cies' sequence (235-209.5 Ma, Il I-Tl3) is marked 
by slow subsidence rates. In the east of the area, wells 
VJ-3 and VI-4 show hiatuses in the upper Muschel­
kalk and Keuper sequences. This results in slightly 
lower tectonic subsidence. The hiatus in well VI-3 
lasts till 155 Ma, in wells VI-4 till 190 Ma. Spatial 
variations in subsidence (Fig. 8) indicate the occur­
rence of a relatively narrow NW-SE-trending basin 
in the east, most likely bounded by NW -SE-trending 
boundary faults. Earlier studies on the Triassic evo­
lution (Sopeiia et a!., 1988) and more recent de­
tailed studies on thickness variations on individual 
formations in the Triassic (e.g. L6pez-G6mez and 
Arche, 1995; Arche and L6pez-G6mez, 1996; Fig. 7) 
agree with this interpretation. These studies indicate 
that fault activity is mostly active during sedimen­
tation of T 1-T7, resulting in NE-SW-trending horst 
graben structures, in which additionally separation of 
grabens occur by NE-SW-trending transfer faults and 
already existent basement highs. According to these 
studies the depression in the southwest corresponds 
to another NW -SE fault bounded graben (Fig. 7). 
The existence of transfer faults may well explain the 
relatively abrupt NE-SW-trending boundary of NW -
SE-trending basins in Fig. 6. Already existent base­
ment highs are most likely responsible for late onset 
of sedimentation in 1-1, 1-2, 1-4 and IV-4. 
(A) Tectonic Subsidence 290-256 Ma 
(C) Tectonic Subsidence 245�209.5 Ma 
(E) Tectonic Subsidence 190-155 Ma 
(G) Tectonic subsidence 146-97 Ma 
(B) Tectonic Subsidence 256�245 Ma 
(D) Tectonic Subsidence 209.5�190 Ma 
(F) Tectonic subsidence 155-146 Ma 
(H) Tectonic Subsidence 97-65 Ma 
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Fig. 7. Tentative SW-NE cross-section illustrating fault activity during Permo-Triassic basin fonnation (for location see Fig. 6B), based 
on well infonnation and field mapping (modified after Arche and L6pez-G6mez, 1996). 
3.2.1. Jurassic (including Rhaetian) 
Rhaetian-Sinemurian 209.5-190 Ma (JI-J3). All 
the wells except I-I, VI-2, VI-3 and VI-4 experience 
rapid subsidence. All the wells start rapid subsidence 
at 209.5 Ma. While in most wells increased sub­
sidence is terminated at 205 Ma, wells IT-2, IV-4 
subside continuously till 190 Ma. The largest tec­
tonic subsidence value is shown by well IT-I, being 
310 m. The rest of the wells show rather much the 
same tectonic subsidence values, ranging from 20 
to 100 m. The majority of the wells show a pattern 
of less rapid subsidence during Sinemurian times 
Fig. 6. Contour maps of tectonic subsidence (m) of: (A) Rotliegendes (Lower Permian, 290-256 Ma); (B) Zechstein (Upper Pennian, 
256-245 Ma), dashed line corresponding to tentative cross section in Fig. 7; (C) Triassic (245-209.5 Ma), dashed line corresponding 
to tentative cross section in Fig. 7; (D) Hettangian-Sinemurian (209.5-190 Ma); (E) Pliensbachian-Oxfordian (190-1 5 5  Ma); (F) 
Kimmeridgian-Tithonian (155-146 Ma); (G) Berriasian-Albian ( 146-97 Ma), area with relative continuous sedimentation in the Early 
Cretaceous (Ee), area with hardly any Early Cretaceous sedimentation (NOEC); (H) Cenomanian-Maastrichtian (97-65 Ma). Maps are 
interpolated from ID results from individual stratigraphic sections, values are posted in the figure on the location of the sections. For 
location of studied area see Figs. 1 and 2. Numbers indicate amount of tectonic subsidence in time intervals. Negative values result from 
decreasing waterdepths in time interval. Symbols denote ratio of recorded duration of sedimentation in well and age interval of maps: (0, 
cross; 0-1/3, diamond; 1/3-2/3, box; 2/3-1,  circle). Please note that small artefacts in the contouring (not fully matching the observed 
values) can occur as a result of the contouring methodology, interpolating observed values on a regular grid. 
stretching phases 
65 Iberian basin Betics Europe 
Maastrichtian 
Campinian This study Salas & Casas VanWees & Peper & Stapel et al. Ziegler (1993) Stephenson Cloetingh (1996) (1990) Santonian 
Coniacian 
(1995) (1992) 
Turonian r !!l Cenomanian H 0 97 g "I:l c:J Albian 
Aptian 
.� 
Austrian 
Barremanian 
� ( 
Hauterivian S 'l'l B 
Valanginian e 
...[).. Berriasian 145.5 G 
Tithonian Late ) Kimmeridgian Kinunerian 
Oxfordian 155 F .g 1 
Callovian .}g < 
Bathonian S "0 " 
Bajocian B e 
AaIenian 
Mi�� 
Toarcian 
'QV El 0 ] Pliensbachian 1 f Kimmerian f-< Sinemurian S 'l'l 
t 
B 
Hettangian 208 e 
Rhaetian UI i Earl;-{ 
Norian 
f Kimmerian .� Carnian f-< 
� .s 235 'l'l 
Ladinian ..!! 
Anisian e 
Scvthian 245 C 
Zechstein 256 B+ 
.� 
Rotliegendes 
" AI ... 290 
Basement 
Fig. 8. Correlation of identified phases of rapid subsidence with other areas. 
(205-190 Ma, B), indicating a postrift stage, though 
wells 11-1, 11-2, 11-3 and IV-4 still show more rapid 
tectonic subsidence. Stratigraphic record is absent in 
wells I-I, 1-4, Ill-I, VI-2, VI-3 and VI-4. Spatial 
patterns in rapid subsidence in Fig. 6 indicate a basin 
that takes a clear NE-SW orientation. Being based 
on complete stratigraphic successions for most of 
the wells, it clearly demonstrates a subsidence trend 
deviating considerably from the preceding Triassic. 
According to Salas and Casas (1993) extensional 
faulting takes place during the Rhaetian indicating 
that this phase of rapid subsidence may be explained 
by stretching. The inferred tectonic activity extend­
ing through J2 is also in agreement with the inter­
pretation of Bernouilli and Jenkyns (1974) relating 
the basal breccia of J2 to early Liassic break-up plat­
form in the framework of the Atlantic rift wrench 
system. Striking feature of the subsidence patterns 
is its NE-SW aligmnent parallel to the Betics. This 
phase corresponds very well to rapid subsidence ob­
served in the Betic margin (peper and Cloetingh, 
1992; Fig. 8) and the Lusitanian Basin of western 
Portugal (Stapel et aI., 1996; Fig. 8). Early Jurassic 
extensional tectonics, initiated in Triassic times have 
also been found in the Ebro Basin (Desegaulx and 
Moretti, 1998). 
Pliensbachian-Oxfordian 190-155 Ma (J4-J6). 
A second period of Jurassic rapid tectonic subsi­
dence takes place between 190 and 180 Ma (J4-
J5), followed by decreasing subsidence rates in the 
Aalenian to Oxfordian (J6). Total subsidence val­
ues range from 30 m to 150 m in well I11-3. It 
should be noted however that the inferred subsidence 
pattern is largely obscured by very differentiated 
subsidence and uplift for J6, marked in most wells 
by incom plete Aalenian to Oxfordian stratigraphy, 
characterised by hiatuses and uplift As described 
above, well J6 in particular reflects tectonic activity, 
whereas J4 and J5 seem to be marked by relatively 
homogeneous sedimentation, lacking evidence for 
faulting. From the incomplete and complete wells a 
distinct E-W-trending Middle to Late Jurassic basin 
shape is apparent from Fig. 6, except for IV-4, which 
is marked by conspicuously low subsidence. This 
phase has not been taken into account in previous 
quantitative studies (Salas and Casas, 1993). How­
ever, subsidence data of Peper and Cloetingh (1992; 
Fig. 8) and Stapel et al. (1996; Fig. 8) indicating high 
subsidence rates, suggest a correlation with phases 
of regional tectonics recorded at the Iberian margins. 
Kimmeridgian-Tithonian 155-146Ma (J7-J9). A 
phase of rapid tectonic subsidence is recorded mostly 
in the (south-least, with rapid subsidence values 
ranging from 10 to 123 m in well IV-4, though most 
of the values are about 20-50 m. Data are missing 
in the northwest and southeast. Spatial patterns in 
Fig. 6 indicate a preservation of the E-W-trending 
basin shape from the previous stage, overprinted by 
non-deposition in the west and subsidence in the 
(south-)east. This process, resulting in non-deposi­
tion and partial erosion in the northwest and south­
east, may have started late in the previous phase, 
and most likely stopped at the earliest stages of the 
next phase, where sedimentation resumes in III-l 
and I11-2. The tectonic ally induced latest Jurassic 
destabilisation can be very well correlated to ma­
jor tectonics in other areas along the Iberian Basin 
(Fig. 8), which correspond to the Kimmeridgian on­
set of the rotation of the Iberian Plate with respect to 
the European Plate (Dewey et aI., 1973), associated 
with the opening of the Atlantic. Tectonic activity in 
the Iberian Ranges in this rotational setting extends 
into the Early Cretaceous up to the middle Albian 
(Alvaro et aI., 1979; Salas and Casas, 1993). Exten­
sional tectonics extending from the Kimmeridgian 
up to the Albian have also been observed in the Ebro 
Basin (Desegaulx and Moretti, 1998). 
3.3. Cretaceous 
Berriasian-Albian 146-97 Ma (K1-K10). Large 
spatial variations in tectonic subsidence m ainly oc­
cur during the Early Cretaceous (146-112 Ma, K 1-
K9) as is evident from the subsidence curves in 
Fig. 5. Relatively uniform subsidence exists dur­
ing deposition of KIO (112-97 Ma). To outline the 
Early Cretaceous basin formation in Fig. 6, roughly 
a two-fold division can be made in the wells: those 
which are marked by a relatively continuous se­
quence in the Early Cretaceous containing consid­
erable part of KI-K9 (indicated by EC) and those 
which are marked by a considerable hiatus in the 
Early Cretaceous (contain part of K8-KIO, indicated 
by NOEC), but are marked by Late Cretaceous sedi­
mentation (KIO). The boundary between the EC and 
NOEC zones reflects the border of an Early Creta-
ceous basin which developed in the southeast and 
is partly transected by a NW-SE-trending high in­
dicating the control of NW -SE-trending basin faults 
on Early Cretaceous basin fonnation. The basin 
structure aligns very well with Triassic structures, 
suggesting reactivation. The eastern branch of the 
basin, corresponding to the Maestrat Basin, is deep­
est recording up to ca 250 m of subsidence. Here a 
remarkable Triassic reactivation is the relative high 
fonned by well IV-4, which is characterised by rela­
tively complete Early Cretaceous sedimentation and 
corresponds to the Triassic basement high in IV-4. 
The actual basin shape in the east of Fig. 6 is 
slightly obscured by incomplete stratigraphic records 
in wells I1I-4, V-2, VI-l and VJ-4 which lack most of 
the Cretaceous sediments as a result of Tertiary ero­
sion. The inferred Early Cretaceous Basin shape cor­
responds very well with basin geometry from earlier 
studies (Rincon et aI., 1983; Canerot, 1989). As we 
mentioned in the previous section the stratigraphic 
evolution is clearly marked by tectonics. Major tec­
tonic activity marked by faulting and basin segmen­
tation can be identified. for Kimmeridgian-middle 
Berriasian times (Aurell and Melendez, 1993) or 
maybe Valanginian (Vilas et aI., 1983) (KI-K3). A 
second main phase is identified for the Middle Al­
bian sedimentation (KlO) (Salas and Casas, 1993). 
Rapid basin subsidence occurs simultaneously with 
relatively rapid subsidence in the Cameros Basin and 
basin fonnation in the Bay of Biscay (Rincon et aI., 
1983; Salomon, 1983; Hiscott et aI., 1990). 
Cenomanian-Maastrichtian 97-65 Ma (Kll­
Kl4). Almost all the wells show a relative uni­
fonn increase in tectonic subsidence between 97 Ma 
and 88.5 Ma. Excluded from this trend are wells 
I1I-4, V-2, VI-l and VJ-4 which lack most of the 
Cretaceous sediments as a result of Tertiary ero­
sion. The subsidence patterns in Fig. 6 indicate a 
trend of increased subsidence from SE to NW, which 
corresponds very well with very gradual deepening 
towards the northwest during the Late Cretaceous 
observed from variations in depositional environ­
ments. No fault activity has been reported in the 
Iberian Basin for this phase (Salas and Casas, 1993) 
and the increased subsidence rates are relatively uni­
form, suggesting a eustatic origin. However, coeval 
rift activity observed to the south of Valencia indi­
cates a tectonic origin (De Ruig, 1992). This may 
explain local deviations of the subsidence trend like 
observed in well 1-3 in the northwest, which is 
marked by very low subsidence. 
Effects of eustatic sea-level changes. As is evi­
dent from the subsidence analysis most phases of rel­
atively rapid and differentiated subsidence (and up­
lift), alternating with periods of relative tectonic qui­
escence, can be well correlated with tectonic activity. 
Effects of eustatic sea-level variations, not incorpo­
rated in the subsidence analysis, may have played an 
important role in explaining some of the observed 
subsidence and uplift features, which do not relate to 
tectonic activity. Late Cretaceous eustatic sea-level 
rise may have contributed largely to the observed 
basin-wide subsidence. For other time periods, we be­
lieve the distribution of subsidence is mainly caused 
by tectonic events, since spatial variances in subsi­
dence are large compared to regional subsidence and 
are clearly marked by fault activity as documented 
by previously mentioned studies. However, it should 
be noted that short-tenn sea-level fluctuations did 
play an important role in the sedimentation distribu­
tion. Most striking are Muschelkalk Facies sequences, 
which are marked by transgressive-regressive cycles. 
In a similar way basin-wide hiatuses, like in the late 
Callovian-early Oxfordian (Fig. 4) may be related to 
eustatic sea-level drop. The occurrence of such rela­
tively short-term and relatively low-magnitude (com­
pared to tectonics) sea-level fluctuations can not be 
easily detected from the subsidence data (Fig. 5). A 
possible exception may be Late Jurassic rapid subsi­
dence, followed by rapid uplift in a period of 3 my 
(e.g. sequence n-J9) in wellsII-3 and IlI-3. 
4. Forward modelling of basin evolution 
The subsidence analysis in the previous section 
clearly shows that the Iberian Basin is character­
ized by a large number of pulsating phases of rapid 
tectonic subsidence, followed by slower subsidence 
rates. In order to establish a quantitative framework 
on the pulsating rift evolution of the lithosphere 
during Mesozoic basin fonnation, we quantified ex­
tension rates by forward modelling of tectonic sub­
sidence, using a new 'automated' forward modelling 
technique (Van Wees et aI., 1996b) which will be 
discussed shortly in the following. 
4.1. Numerical model 
The forward modelling approach is based on litho­
spheric stretching assumptions (McKenzie, 1978 ;  
Royden and Keen, 1980). The factor 8 was used 
for crustal stretching and fJ for subcrustal stretch­
ing. For the thermal calculations, a ID numerical 
finite-difference model was used, which allows in­
corporation of finite and multiple stretching phases. 
In order to handle a large number of wells and 
stretching phases in the forward model a numerical 
technique was developed (Van Wees et aI., 1996b) 
which automatically finds best fit stretching parame­
ters for (part of) the subsidence data. In this proce­
dure the timing and duration ofthe rift phase must be 
specified, whereas best fit stretching values are found 
by searching for the minimum of the mean square 
root F of the deviation in predicted and observed 
subsidence (Fig. 9), as a function of fJ, 8 :  
1 
F(8 ,  fJ) = -
num 
l =TIum 
L (sPP' ; - so . ; ? 
; = 1  
(1) 
where num is the number of subsidence data used in 
the fitting procedure and sp, ; , so . ;  are predicted and 
observed subsidence values respectively. For a rift 
phase, either uniform lithospheric stretching (fJ = 8)  
(McKenzie, 1978) or two-layered stretching can be 
used (fJ =1= 8)  (e.g. Royden and Keen, 1980). For 
Age (Ma) 
uniform stretching, the solution of Eq. 1 requires 
that at least one observed subsidence data point is 
given after the onset of rifting, whereas the two­
layered stretching requires at least two data points. 
For polyphase stretching, the fit is accomplished in 
sequential order. Initially, using an initial steady state 
thermal and compositional lithospheric configuration 
(cf. McKenzie, 1978), stretching parameters of the 
first phase are determined fitting data points in the 
symift and postrift time interval up to the onset of the 
following phase. Subsequently, using the perturbed 
lithosphere configuration predicted at the onset of 
the second rifting phase, stretching parameters of 
this rift phase are determined using subsidence data 
from its symift and postrift time interval up to the 
next rifting phase, etc. 
In the solution procedure it is assumed that values 
for fJ and 8 can both be found in an interval from 
0.2 to 10. This covers the whole spectrum of realistic 
parameters for crustal and subcrustal thickening and 
thinning. In case of high tectonic uplift or subsidence 
in the postrift interval, it may be difficult to obtain 
a good fit of the subsidence, since subsidence and 
uplift rates are determined by the thermal relaxation 
of the subcrustal lithosphere. Maximum uplift and 
subsidence rates are for fJ = 0.2 and fJ = 10. Such 
predictions, implying extreme thermal perturbations 
of the sub crusta I lithosphere, should be interpreted 
with great care. 
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Fig. 9. Outline of forward modelling technique (from Van Wees et aI . ,  1996b) . 
Table 2 
Parameters used to calculate tectonic subsidence in the forward 
model 
Model parameter 
Initial lithospheric thickness 
Initial crustal thickness 
Asthenospheric temperature 
Thermal diffusivity 
Slilface crustal density 
Slilface mantle density 
Water density 
Thermal expansion coefficient 
4.2. Modelling procedure 
Value 
110 km 
32 km 
1333°C 
1 x 10-6 m2 S-l 
2800 kg m-3 
3400 kg m-3 
1030 kg m-3 
3.2 x 10-5 °C 
In the fitting procedure initial lithospheric config­
uration and thennal parameters are adopted as listed 
in Table 2. Initial lithospheric thickness was taken 
to be 110 km. corresponding to the lithospheric 
thickness adopted in earlier studies in the same 
region (MOl-gan and Fernimdez. 1992; Van Wees 
and Stephenson. 1995). The initial crustal thickness 
corresponds to the present-day value beneath the 
Iberian Massif (Banda et al.. 1983) and has also been 
adopted as initial value for this part of the basin by 
Salas and Casas (1993) and Van Wees and Stephen­
son (1995). The other parameters are taken from Van 
Wees and Stephenson (1995). 
To fit the well data it was assurued that each ob­
served phase of rapid tectonic subsidence should cor­
respond with a stretching phase in the forward model. 
For these phases we initially adopted a two-layered 
stretching model of the lithosphere in order to obtain 
the highest degree of freedom in modelling subsi­
dence data. In almost all the wells this model results 
in a good fit for the subsidence data. However. in this 
model subcrustal stretching factors (fJ) are almost al­
ways equal or less than crustal stretching factors (0). In 
some cases f3 is less than one, resulting in lithospheric 
heating in the postrift phase. in agreement with ob­
served very low post-rift subsidence or moderate up­
lift. Evidently fJ values less then one are not reason­
able in extensional tectonic settings. As a consequence 
the stretching phases modelled with the two-layered 
depth-dependent stretching model fails especially in 
cases where high values of tectonic uplift occur in a 
postrift phase (e.g. in wellII-5 between 180-155 Ma). 
These occurrences of uplift require some active mech-
anism of uplift. Following Van Wees and Stephen­
son (1995). we adopt a thermal uplift mechanism. In 
the modelling this is implemented by setting crustal 
stretching 0 to one and allowing fJ to vary (fJ-free 
model) in a period of 10 Ma just before the onset of 
the next phase of stretching. while keeping 0 fixed 
to one. The relatively small fJ values (0 > fJ > 1) 
may also be explained in terms of postrift thermal up­
lift; we therefore prefer to adopt uniform stretching 
phases implementing subsequent thermal uplift simi­
lar to the cases in which f3 < 1. An other reason we 
prefer to use the uniform stretching model instead of 
the two-layered depth-dependent model is that rela­
tively large uncertainties are involved in estimating f3 
values for an individual postrift phases due to their 
relatively short duration (less than 30 Ma). and the 
small nuruber of postrift data points associated with 
them. Fig. 10 illustrates the difference of the two-lay­
ered stretching model and uniform stretching model 
combined with the fJ-free model. Both models show 
a relatively good fit with observed subsidence data; 
however, as outlined above, the uniform stretching 
model combined with fJ-free results is favoured. As is 
evident from Fig. 10. a typical outcome of the uniform 
stretching model combined with the fJ-free model is 
the prediction of additional subsidence (deposition) 
followed by uplift (erosion). This pattern agrees very 
well with the fact that the base of the subsequent syn­
rift stratigraphic sequence forms an erosional hiatus. 
4.3. Model results 
The forward modelled tectonic subsidence curves 
(Fig. 11) show a remarkably good fit with the sub­
sidence data adopting a large nuru ber of stretching 
phases and phases of thermal uplift (fJ-free. Fig. 10). 
In the Late Pennian, Triassic and Jurassic and the 
Late Cretaceous. the stretching phases in the forward 
model occur very punctuated and simultaneously 
in almost all wells (256-254 Ma. 245-235 Ma. 
209.5-205 Ma. 190-180 Ma. 155-150 Ma. 97-88.5 
Ma). These stretching phases correspond with the 
dark shaded areas identified in Fig. 5. In the Early 
Permian (290-270 Ma) stretching appears to be dif­
ferentiated. In the Early Cretaceous (146-112 Ma) 
stretching is very differentiated and dischronous, re­
sulting in locally more than one stretching phase to 
obtain a good fit. 
'11 A two-layered stretching 
[ � --+  L-I +-- ! --� -"'�-
B uniform stretching thermal uplift 
+ �  I 
� 
Fig. 1 0. Different model approaches to explain subsidence data 
marked by moderate postrift subsidence or uplift: (A) two-lay­
ered depth-dependent stretching model, (B) uniform stretching 
model combined with thermal uplift phase tJ-free. 
The crustal stretching factors from the forward 
modelling have been plotted in map view in Fig. 12, 
for the same age intervals as in Fig. 6. For all 
episodes except the Early Cretaceous (Fig. 12G), 
the plotted values correspond to a single stretching 
phase .  As can be expected, the crustal stretching 
patterns in Fig. 12, correspond very well to the sub­
sidence patterns of corresponding age intervals in 
Fig. 6 .  
The stretching phase with clearly the largest 
stretching values is the Early Triassic phase 
(Fig. 12C) with values of 8 of 1 .0 19- 1 . 1 1 6 .  All other 
phases are marked with lower-magnitude stretching 
values generally not exceeding 1 .005. These results, 
especially for the Triassic, agree well with the re­
sults of Van Wees and Stephenson ( 1995). However, 
the latter authors lumped the Jurassic and Creta­
ceous stretching phases in at most two phases, which 
in comparison with the results presented here are 
characterised by relatively higher stretching values 
and longer duration of the phases. This is a log­
ical consequence of lumping short-lived pulsating 
rift events in a single rift phase .  Estimates of Salas 
and Casas ( 1993) for crustal stretching values are 
much higher than our stretching values. They re­
port average Mesozoic stretching of 1 .3 1  in the 
Maestrat Basin. This relatively high value may be 
mostly contributed to a relatively thick Cretaceous 
sedimentation compared to the central area of the 
Iberian Basin. On the other hand the modelling tech­
nique they used for their estimates is not presented, 
hampering a full assessment for the cause of dif­
ferences with our results. In general, the extremely 
low ( < 1 .005) but evident tectonic stretching phases 
clearly illustrate that the Iberian Basin evolved in 
an intraplate position. The large amount of tectonic 
phases we identify with a frequency of ca 10-50 m.y. 
agrees very well with the relatively large amount of 
short-lived tectonic pulses, cumulatively related to 
Tethys and Atlantic Plate reorganisations identified 
in compilations of Western Europe (e.g. encl. 52 
in Ziegler, 1 990; Fig. 8). This clearly shows that 
the Iberian Basin served as a sensitive recorder of 
far-field tectonic stresses of both the Tethys and the 
Atlantic. 
In the model thermal uplift CB-free, Fig. 10) 
has been incorporated especially in the Jurassic and 
Early Cretaceous in the following periods : ca. 220-
209.5 Ma, ca. 200- 190 Ma, ca. 1 65- 1 55 Ma, ca. 
145- 135 Ma, ca. 1 22- 1 12  Ma, ca. 1 1 2-97 Ma. In 
the forward modelling the adoption of these phases 
of thermal uplift and also of phases of very mild 
stretching may be subject to debate, since the mod­
elling assumes local isostasy and neglects effects of 
sea-level changes. The flexural response during ex­
tensional faulting leads to flank uplift (Kooi et aI., 
1992; Van Wees and Cloetingh, 1994; Van Wees 
et aI., 1996a). Such a process may have played a 
role during the Early Cretaceous, removing the need 
for thermal uplift in this period. Flexural effects 
interacting with intraplate stresses can explain re­
gional patterns of relatively rapid basin subsidence 
and margin uplift in periods of tectonic quiescence 
(Cloetingh et aI., 1985; Van Wees and Cloetingh, 
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Fig. 1 3 .  Contour map of total crustal stretching. Map is interpolated from ID results from individual strati graphic sections; values are 
posted in the figure on the location of the sections. 
1996). This process may have played a role in Early 
and Middle J urassic times (209.5-190 Ma, 190-
155 Ma), which is characterized by rapid subsidence 
marked by broad subsidence and uplift patterns. Sea­
level changes may be responsible for regional uplift 
and subsidence but cannot explain spatial variations. 
As we mentioned earlier, regional subsidence re­
lated to a global sea-level rise (Haq et aI., 1987) 
may explain partly the Late Cretaceous subsidence. 
For other time periods, we believe the distribution 
of subsidence is mainly caused by tectonic events, 
since spatial variances in subsidence are large com-
pared to regional subsidence and agree with periods 
of tectonic activity. 
4. 4. Total stretching 
In Fig. 13, we compiled a map of cumulative 
crustal stretching of the whole extensional history of 
the basin from Permian to Mesozoic. Again Fig. 13 
shows clearly that stretching and associated crustal 
deformations are mild, in agreement with the in­
trap late setting of the Iberian Basin. 
Fig. 12 .  Contour maps of lithospheric stretching (f3 = 8) of: (A) Rotliegendes (Lower Permian, 290-256 Ma);  (B) Zechstein (Upper 
Permian, 256-254) Ma; (C) L. Triassic-M. Triassic 245-23 5 Ma; (D) Hettangian-Sinemurian (209 .5-190 Ma);  (E) Pliensbachian­
Oxfordian ( 190-1 80 Ma);  (F) Kimmeridgian-Tithonian ( 1 55-150  Ma);  (G) Berriasian-Turonian ( 146-88. 5 Ma).  Maps are interpolated 
from 10 results from individual stratigraphic sections; values are posted in the figure on the location of the sections. For location of 
studied area see Figs. I and 2.  
5. Conclusions 
The high-resolution backstrip analysis and for­
ward modelling showed that the Mesozoic Iberian 
Ranges basin evolution is marked by a large number 
of rifting pulses, much more than documented by 
previous studies. The rift pulses are of low magni­
tude, very short lived and can be remarkably well 
correlated over the basin. This study indicates that 
an increased resolution in subsidence data leads to 
a better resolution in the tectonic signal. The au­
tomated modelling technique we used allows an 
efficient and very accurate assessment of temporal 
and spatial relations in lithospheric rift dynamics. 
Periods of rift activity correlate well with rift phases 
identified at other margins of the Iberian Plate, and 
the large number of identified phases agrees well 
with the full complexity of rift activity documented 
for northwestern Europe (e.g. Ziegler, 1990). 
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